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* NOTICES * 

The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DEJAILED DESCRIPTION _ 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In detail, this invention has the manufacture technique of the steel code for rubber reinforcement, 
and the high tensile strength used for reinforcement of rubber goodss, such as a pneumatic tire and an industrial-use belt, 
and relates to the manufacture technique of the steel code for rubber reinforcement excellent in fatigue resistance. 
[0002] 

[Description of the Prior Art] In order to lightweight-ize these in rubber goodss, such as a pneumatic tire and an 
industrial-use belt, and to improve endurance, the fatigue resistance which was excellent in the steel code used as 
reinforcing materials with high tensile strength is searched for. 

[0003] That this property should be attained in JP,5-195455,A To the steel whose carbon content is 0.90 - 1 . 10 % of the 
weight, chromium, nickel, The intensity after the last patenting is set to 1350-1600MPa using the low-alloy-steel wire rod 
which added one or more sorts of copper. Then, a wire drawing performs 3.2 or more manipulations by the true strain, and 
in case a wire is next twisted, the manufacture technique of obtaining the steel code which has the fatigue resistance which 
was excellent with high tensile strength is proposed by specifying ******** included in a wire. 

[0004] Moreover, the surface residual stress obtained by carrying out a wire drawing in JP,5-71084,A, using the approach 
angle of the last die [ in the last wire-drawing process for the high carbon steel-wire material of 0.6 % of the weight or 
more of carbon contents ] as about 8 or less times is 2 45kg/mm. The following steel wires for rubber reinforcement are 
proposed. 

[0005] Although each of these is effective in tensile strength and fatigue-resistant enhancement, in the former, since the 
low-alloy-steel wire rod is used, price becomes high, and since a carbon content is high, it is easy to generate the network 
after a patenting, and has the trouble where a patenting process is still complicated. Moreover, it did not pass over the 
latter to have changed only the last die in the last wire-drawing process, but it became clear that desired tensile strength 
and sufficient fatigue resistance are not acquired by this. 
[0006] 

[Problem(s) to be Solved by the Invention] It is in offering the manufacture technique of the steel code for rubber 
reinforcement which this invention is made in consideration of the above-mentioned trouble, and does not need a 
complicated process which the purpose is a low cost and moreover uses special equipment, a fixture, and a special wire 
rod of having the fatigue resistance which was excellent with high tensile strength. 
[0007] 

[Means for Solving the Problem] The manufacture technique of the steel code for rubber reinforcement of this invention 
3.00 or more last wet-drawing manipulations are added to a steel code wire rod by the wire-drawing true strain, and it is 
the domain whose manipulation depth of each wire-drawing die is 5% - 145%. a wire-drawing true strain less than by 2.0 
The wire-drawing die with which a manipulation depth becomes large in connection with increase of a wire-drawing true 
strain is used as a two or more pieces die schedule, a wire-drawing true strain or more by 2.0 The last wire drawing is 
performed by using the wire-drawing die with which a manipulation depth becomes small in connection with increase of a 
wire-drawing true strain as a two or more pieces die schedule. The above intensity shown by the following formula is 
shown, and the on-the-strength difference of the cortex section of a wire rod and a core is 2 80 kgves/mm. It considers as 
the wire rod which is the following, and is [0008]. 
[Equation 2] 

TS- 230-148 logD 

[0009] (TS expresses the tensile strength of a wire rod among a formula, and D expresses the diameter of the wire rod 
after the last wire drawing.) It is characterized by twisting two or more obtained wire rods. 

[0010] Below, this invention is explained still in detail. A wire-drawing true strain (epsilon) is defined by the following 

general formula in this invention. 

[0011] 

[Equation 3] 

e = 21n (do/di ) 
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[0012] ((d0 expresses the wire rod diameter in front of a wire drawing.) In of natural logarithms is expressed among a 
formula, and dl expresses the wire rod diameter after a wire drawing.) 

Although depending on the tensile strength of the wire rod after the last patenting and the subsequent degree of wire 
drawing for the tensile strength of the strand (wire rod) which constitutes a steel code greatly is known, it can be 
considered that especially contribution of the degree of wire drawing is large, and the tensile strength of a strand is 
proportional to the degree of wire drawing mostly. However, an upper limit is in the degree of wire drawing, and since an 
open circuit will happen in the middle of a wire drawing if the high manipulation beyond it is performed, the domain of 
the wire drawing which can give high tensile strength is restricted to a very narrow domain, without causing an open 
circuit. For this reason, the tensile strength of a strand will be proportional to the diameter. 

[0013] Since the phenomenon in which the fatigue resistance of the strand obtained when the degree of wire drawing was 
raised fell originated in the blemish sensitivity of a strand cortex becoming high, it performed various studies about a 
means to suppress elevation of this blemish sensitivity. Consequently, this invention persons are the difference of the 
tensile strength of the cortex section of a strand, and internal tensile strength 80 kgves/mm 2 It found out that considering 
as the following was very advantageous to suppression of a blemish sensitivity, and this invention was completed. 
[0014] That is, for the strand after a wire drawing, although it is usually that the tensile strength of the cortex section 
becomes higher than that internal, when these both difference becomes large, elevation of a blemish sensitivity happens 
and the on-the-strength difference is 2 80 kgves/mm. Since the fatigue-resistant degradation by elevation of a blemish 
sensitivity will appear notably if it exceeds, it is the on-the-strength difference 80 kgves/mm 2 It is necessary to consider 
as the following. 

[0015] The intensity of a strand can be raised by performing 3.00 or more last wet-drawing manipulations for a wire- 
drawing true strain. For example, when the diameter of a strand is 0.23mm, it is an intensity 330 kgves/mm 2 In order to 
consider as the above, a wire-drawing true strain needs to carry out to 3.3 or more. 

[0016] Since the wire-drawing depth of a strand changes with the degree [ of approach angle ] alpha of the reduction of 
area and each die in each die, As shown in drawing 1 , distance from the front face of the wire rod which came out of the 
die to a wire rod center is set to Y. When distance from the summit of the isosceles triangle which makes a base the 
fraction to which the wire rod is in contact with the approach section of the die of degree [ of approach angle ] alpha to the 
wire rod front face by the side of die appearance is set to X, a wire-drawing depth is shown by x(X/Y) 100. This wire- 
drawing depth turns into the scale which presumes material in simple, whenever a wire rod receives deformation at the 
time of a wire drawing. For example, at 4.5 degrees, as for a wire-drawing depth, the rate of exemption becomes 100%, 
when degree [ of approach angle ] alpha is 27.06%. 

[0017] Although the intensity of a strand increases in connection with the increase in the degree of wire drawing, since a 
wire-drawing true strain increases from the 2.0 neighborhoods abruptly, the increase in strong has a possibility that 
generation of heat at the time of a wire drawing may become large, and a strand may carry out an embrittlement. For this 
reason, it is desirable to lower the manipulation depth of a die gradually in 2.0 or more wire-drawing true strains, and, as 
for the manipulation depth of the viewpoint of increasing the intensity of a strand to a die, enlarging is desirable in less 
than 2.0 wire-drawing true strain. 
[0018] 

[Function] According to the manufacture technique of this invention, on-the-strength ** of the cortex section of a wire rod 
and a core is 2 80 kgves/mm. Since elevation of the blemish sensitivity at the time of a wire drawing can be suppressed 
since it considers as the following, and a degradation is prevented, the wire rod excellent in fatigue resistance can be 
obtained. Furthermore, since the last wet-drawing manipulation is added by 3.00 or more wire-drawing true strains, an 
intensity can become enough, since it is the domain whose manipulation depth is 5% - 145%, the intensity of only the 
cortex section can rise, or fracture by the drawing force of a wire drawing can also be prevented, and a smooth wave is 
formed. When a wire-drawing true strain uses less than by 2.0 so that a manipulation depth may become large with at least 
two dies at increase of a wire-drawing true strain A manipulation of the cortex section becomes uniform from the core of 
wire-drawing material, a wire-drawing true strain or more by 2.0 By using so that a manipulation depth may become small 
with at least two dies at increase of a wire-drawing true strain, the fractional force of a die and wire-drawing material can 
be reduced, and superfluous work hardening of the cortex section of wire-drawing material can be prevented. In order to 
twist the strand hidden and obtained and to produce a code, the steel code for rubber composite which has the fatigue 
resistance which was excellent with high tensile strength is obtained. 
[0019] 

[Example] Although an example is given to below and this invention is explained to it still in detail, this invention is not 
limited to this. 

[0020] After carrying out the wire drawing of the steel code wire rod with a diameter of 5.5mm even to a predetermined 
wire size by the dry wire drawing, the carbon content and the last patenting conditions of a wire rod were changed, the last 
patenting treatment was given, and, subsequently to the graph of drawing 2 - view 4 , the strand was manufactured with 
the continuity wet-drawing machine by the die schedule shown. 

[0021] The carbon content of a wire rod and the last patenting conditions, and the measurement result of the wire size of 
the obtained strand, tensile strength, and a rotation bending fatigue limit are shown in Table 1 and 2. 
(The evaluation technique) 
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1. The tensile strength of the on-the-strength ****** strand of the cortex section of a wire rod and a core was measured, 
the lysis elimination of the equivalent for 20 volume [ of the whole strand ] % was carried out for the cortex section of a 
strand 6% after an appropriate time using the nitric-acid aqueous solution, the tensile strength of the strand which 
removed the cortex section was measured, and it asked for the tensile strength inside a strand. Next, it asked for the tensile 
strength of the cortex section from the following formula, the difference was searched for, and it considered as the on-the- 
strength difference of the cortex section of a wire rod, and a core. 

Tensile-strength [ of the cortex section ] (kgf/mm2) = [(tensile strength of whole strand )-0.8 (tensile strength inside 
strand)]/0.2 [0022] 2. Pearlite block-size JIS G 0551-1956 It measured according to the ********** night grain-size- 
number examining method of steel. 

[0023] The pearlite block-size measurement photograph was searched for by one 400 times the scale factor of this by the 
following formula at the light microscope using what took a photograph of 20 places. 
Pearlite block-size = [sigma (grain-size number measured from each photograph)/20] 

[0024] 3. It asked from the following formula, having measured diameter d of the fraction into which the fracture fraction 
of the data which measured drawing tensile strength was most narrow, and having used the diameter before measurement 
of tensile strength as D. 
{[(piD2 )-(pid2)]/(piD2)} xlOO (%) 

[0025] 4. The maximum stress which spreads by part for /5000 rotational speed, and all ten samples do not fracture in 
200,000 rotational frequencies was made into the fatigue limit using the rotation bending fatigue-limit rotation bending 
fatigue tester of a filament under 25 degrees C and the ambient atmosphere of 60% of relative humidity. Predetermined 
bending stress is applied to a strand and it is 106. The skin bending stress which the strand after rotation does not fracture 
was measured, and it considered as the fatigue limit. 
[0026] It asked for the fatigue limit from the following formula. 

Fatigue-limit (kgf7mm2) =(D/2R) x20000, however D express the diameter (mm) of the steel wire which constitutes steel 
wire or a steel code, and R expresses the bending radius of curvature which all ten samples do not fracture in a rotation 
bending fatigue test. This radius of curvature was made into the distance from the bending neutral axis of steel wire to a 
flexural center. 
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[0029] In Table 1, in order to make detailed the pearlite block size after the last heat treatment, samples 7 and 8 heated the 
heating rate to 900 degrees C in a second in 200 degrees C /at the time of the last patenting treatment, and after they 
quenched the wire rod to 50 degrees C and made it perfect martensitic structure after solution-izing, they gave the various 
patenting treatments succeedingly shown in Table 1. The die schedule in a wet-drawing machine was performed according 
to the passes A, C, D, E, and G shown in the drawing 2 or 4. 

[0030] Moreover, the wire drawing according to the passes B 5 F, and H which serve as a wire-drawing true strain of the 
same grade as an example of a comparison was also performed. 

[0031] Although the strand (samples 1, 3, 4, 5, 7, 8, and 9) obtained by the technique of this invention had the outstanding 
tensile strength and the outstanding rotation bending fatigue limit also in which diameter, the strand (samples 2, 6, and 10) 
obtained by the technique of the example of a comparison became clear [ that it is inferior to an intensity especially a 
rotation bending fatigue limit ]. 

[0032] Furthermore, the strand of samples 1 and 2 was twisted and the steel code of 1 in allxS structure was manufactured. 
It is JIS about these. L The strip-of-paper-like test piece laid under the reference 1 .3 of 1017 at rubber based on the 
fatigue-strength A method of a publication is created, and it is 106. After performing a time flex test, the fracture status of 
the strand which constitutes a steel code was observed. Consequently, as for the code which used the strand of the sample 
2 of the example of a comparison, fracture of a strand was everywhere observed to nothing having been [ whose fracture ] 
that there was nothing as for the code using the strand of the sample 1 of this invention. 

[0033] As reference JP,5-71084,A mentioned to the advanced technology moreover, to reference The steel code wire rod 
of 0.82 % of the weight of carbon contents to 1 .7mm After a wire drawing, The pass schedule of the last wire-drawing 
affirmation for the die of 12 approach angles 21 passes, The place which measured the tensile strength of a wire with a 
diameter [ which was finally obtained as an one pass for the die of four approach angles ] of 0.3mm, and fatigue 
resistance, tensile strength 320kgf/mm2 it is -- the time of the bending-proof fatigability setting to 100 the fatigue 
resistance of the wire which made all the approach angles of a die 12 degrees, and carried out the wire drawing - 1 12 -- it 
is it does not pass but it was checked that sufficient fatigue resistance is not acquired 
[0034] 

[Effect of the Invention] According to the manufacture technique of this invention, it had high tensile strength, and the 
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outstanding effect that it could obtain economically was shown, without using special equipment, a fixture, and a special 
wire rod for the steel code for rubber composite excellent in fatigue resistance. 



[Translation done.] 
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* NOTICES * 

The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS ; 

[Claim(s)] 

[Claim 1] 3.00 or more last wet-drawing manipulations are added to a steel code wire rod by the wire-drawing true strain, 
and it is the domain whose manipulation depth of each wire-drawing die is 5% - 145%. a wire-drawing true strain less 
than by 2.0 The wire-drawing die with which a manipulation depth becomes large in connection with increase of a wire- 
drawing true strain is used as a two or more pieces die schedule, a wire-drawing true strain or more by 2.0 the above 
intensity which performs the last wire drawing and is shown by the following formula by using the wire-drawing die with 
which a manipulation depth becomes small in connection with increase of a wire-drawing true strain as a two or more 
pieces die schedule -- being shown ~ and the on-the-strength difference of the cortex section of a wire rod, and a core -- 
80kgf7mm2 it is - a wire rod -- carrying out -- [Equation 1] 
TS = 230-148 logD 

(TS expresses the tensile strength of a wire rod among a formula, and D expresses the diameter of the wire rod after the 
last wire drawing.) The manufacture technique of the steel code for rubber reinforcement characterized by twisting two or 
more obtained wire rods 
[Translation done.] 1 
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